The role of longitudinally and circumferentially oriented fibres in left ventricular wall motion was examined by digitising echocardiograms of the mitral ring (whose motion reflects long axis change) and of the standard minor axis in 36 healthy individuals, 36 patients with coronary artery disease, 16 with left ventricular hypertrophy, 44 with mitral valve disease (24 of whom had undergone mitral valve replacement). In the controls long axis shortening significantly preceded minor axis shortening (mean (1 SD) difference 25 (40) ms) so that the minor axis increased more during isovolumic contraction (0 25 v 0 09 cm), indicating that the left ventricle became more spherical. Changes in the long and short axes were synchronous at end ejection and in early diastole in the controls. Epicardial excursion preceded endocardial excursion by 50 (20) ms at its peak. These time relations were consistently disturbed in all patient groups, irrespective of the extent of fractional shortening of the minor axis. The onset of long axis shortening was delayed, and this was often associated with premature shortening of the minor axis, the normal spherical shape change during isovolumic contraction was lost, and peak epicardial and endocardial changes became more synchronous. In patients with coronary disease these changes are the expected consequence of ischaemic injury to longitudinally orientated subendocardial fibres. In left ventricular hypertrophy their presence consistently showed systolic dysfunction when orthodox measures were still normal. They were more pronounced after mitral valve replacement when the papillary muscles had been sectioned; long axis shortening was reduced during systole and prolonged into early diastole, while normal shortening of the minor axis was maintained only by abnormal epicardial excursion.
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Relations between long and short axis motion in healthy individuals are characteristic, and their loss is an early index of systolic ventricular disease. These disturbances precede changes in orthodox measures such as fractional shortening or peak velocity of circumferential fibre shortening.
Anatomical studies'2 have shown longitudinal as well as circumferential fibres with a continuous variation in fibre angle across the left ventricular wall. The function of these longitudinal fibres has not been extensively studied. Because effective ventricular function during ejection and filling is likely to depend upon the coordinated action of all myocardial layers, we set out to study the timing and extent of changes in the long axis, comparing them with those of the minor axis in healthy controls and those with left ventricular disease. In addition, we investigated patients after mitral valve replacement where a component of the longitudinal fibres (the papillary muscles) had been sectioned. (fig 1) . Motion of the apex was recorded from the same position. Since the amplitude of movement was always less than 1 mm and since it showed no consistent relation to the electrocardiogram (fig 2) , we disregarded it, and took overall shortening or lengthening of the long axis of the left ventricle as being reflected in corresponding motion of the mitral ring.
Patients and methods

CONTROLS
Echocardiograms were matched for the heart rate; the onset of the Q wave was used to time early systolic events and the first high frequency component of the aortic closure sound (A2) was used to time early diastolic events. In the patients with atrial fibrillation RR intervals were matched to within 100 ms. The echocardiograms were digitised ' and the following measurements were made as the mean value of three beats in each patient. (a) Fractional shortening, the peak rate of fall of minor axis, and the peak rate of minor axis fibre shortening measured from the standard minor axis echocardiogram (calculated as the peak rate of minor axis change during systole normalised for end diastolic dimension). (b) Time intervals from the Q wave to the onset of minor axis shortening and to the onset of long axis shortening (ms). (c) Time intervals from the Q wave to the minimum minor axis and the minimum long axis (ms). (d) The extent of minor and long axis change during the initial 100 ms from the Q wave (cm). Outward wall motion starting before the Q wave was considered to be the result of ventricular filling by atrial contraction and was excluded. (e) The total amplitude of minor axis epicardial excursion (cm), and the time intervals from the Q wave to peak inward endocardial and epicardial excursion on the minor axis echocardiogram (cm).
(f) Total amplitude of long axis shortening (cm).
(g) Time intervals from A2 to the peak rates of minor and long axis increase in early diastole (ms).
Mean values for each measurement obtained in the disease groups were derived and compared with values in healthy controls.
Standard deviations were calculated and the significance of differences between means was assessed by t tests.
wwm... (40) ms, p < 0-01). The start of minor axis shortening thus preceded that of the long axis, rather than followed it as in the controls. At the same time the pattern during isovolumic contraction changed, with a fall in the extent of minor axis expansion from 0-25 '(0 15) cm to 0 1 (0 1) cm (p < 0 05). The two axes were, however, synchronous at end ejection. The normal asynchrony seen between epicardial and minor axis motion was partly lost because peak epicardial displacement was delayed (difference 30 (20) ;;,-group.bmj.com on April 19, 2017 -Published by http://heart.bmj.com/ Downloaded from minor axis reduction was maintained by an increased amplitude of epicardial excursion (0 9 (0 3) v 0 5 (0-2) cm normal, p < 0-01). These changes were again present despite normal fractional shortening, peak rate of dimension change, and peak velocity of fibre shortening (31 (6)%, 7-8 (2-2) cm/s, and 2-4 (0-4) cm/s respectively).
MITRAL VALVE REPAIR
In patients after mitral repair the onset and amplitude of long axis shortening were not significantly different from those in controls (onset 90 (70) v 60 (40) ms, p = NS) and events at end ejection and in early diastole were synchronous. The only disturbance in these patients was a slight increase in epicardial excursion (0 7 (0 2) v 0 5 (0 2) (1-8) cm/s, and peak velocity of fibre shortening 2 (0 5) cm/s).
Discussion
The way in which the functions of the longitudinally and circumferentially orientated myocardial fibres are interrelated to give a coordinated left ventricular contraction has been the subject of anatomical and physiological study for many decades. Straub5 and subsequently Rushmer6 showed that the longitudinal fibres started to shorten before those of the minor axis so that the cavity became more spherical-a sequence of events subsequently shown by Rankin et al to be related to the exact animal preparation used.7 Another aspect of these interrelations has been investigated more recently-the extent to which longitudinal shortening contributes to wall thickening and thus to minor axis changes.89 In spite of these studies, however, there has been little work on changes in the human long axis, and particularly on the effect of left ventricular disease. Because the apex of the left ventricle does not move significantly with respect to the transducer, long axis changes are reflected in movements of the mitral valve ring. Thus we have been able to study the relations between shortening of the long and minor axes of the left ventricle by simple echocardiographic techniques.
Our study confirmed previous experimental work by showing consistent differences in the timing and extent of long and minor axis shortening in controls. We showed the characteristic change in cavity shape during isovolumic contraction that occurs because shortening of the minor axis lags slightly behind that of the long axis. We also confirmed the presence of asynchrony across the posterior wall with the peak inward motion of the epicardium preceding that of the endocardium. This means that maximum long axis shortening, though synchronous with peak inward endocardial motion, is strikingly delayed with respect to that of the epicardium. These findings provide further examples of the regional non-uniformity of function that we and others have explored in the normal left ventricle.'1'2 There were characteristic changes in these relations in patients with heart disease. With groups of widely differing aetiology, the normal sequence of early systolic events was consistently altered. Shortening of the minor axis started prematurely, longitudinal shortening was delayed, and changes in cavity shape during isovolumic contraction were abnormal. To test the hypothesis that these changes were the direct result of impaired function of the longitudinal fibres we studied patients after mitral valve replacement because in this operation the papillary muscles, a component of the longitudinally directed fibres, are cut. We found that wall motion was particularly abnormal in these patients. Not only was the normal early systolic sequence of events disrupted but also the extent of longitudinal shortening was reduced and the abnormal asynchrony between long and minor axes persisted throughout ejection and into early diastole. These changes were not a specific effect of cardiopulmonary bypass because they did not occur to the same extent after mitral valve repair, nor could they be attributed to a minor degree of mitral valve obstruction by the prosthesis because they were present to only a limited extent in cases of well developed mitral stenosis. We therefore attribute them directly to loss of a component of the longitudinally arranged muscle. Abnormal systolic performance has been lessened and survival improved after mitral valve surgery when the chordae tendineae were preserved""'6; however, longitudinal left ventricular function has not been examined specifically.
Our results also showed that a normal left ventricular shortening fraction after mitral valve replacement is maintained only by a very abnormal mechanism. The main basis of inward motion of the endocardium was changed: instead of being the effect of wall thickening as in the controls, it was the result of increased amplitude of motion of the epicardium. This fundamental change is exactly that predicted' from anatomical studies89 17 and is compatible with loss of the role of longitudinal fibre shortening in bringing about myocardial thickening, which determines the normal dynamics of the minor axis.
The results in patients with ischaemic heart disease were also instructive. Again abnormal long axis dynamics were associated with com- 
